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(57) Abstract 



Free radical scavengers are formed from sterically-hindered alkylhydroxylamines. The free radical scavengers are believed useful to 
interrupt polymerization reactions or to facilitate storage and transportation of reactive monomers. Free radical scavengers preferably have 
formula (I). » r j 
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STERICALLY-HINDERED ALK YL HYDROXYLAMINES 
FOR SCAVENGING OF FREE RADICALS 

Free radical scavengers are required in many industrial processes. Examples include free 
5 radical polymo-izations, such as styrene-butadiene co-polymerizations, where a radical scavmger is 
added to stop the reaction prior to complete monomer conversion, and production of unsaturated 
monomers where radical scavenges are added to prevent unwanted polymerizatioa 

In free radical polymerizations, it is often desired to stop the reaction before complete 

10 monomer-to-polymer conversion. Such "shortstopped" polymers often exhibit superior performance 
properties when compared with fiilly converted polym^s. In order to shortstop the reaction, it is 
necessary to add a material that will react with the free radicals and prevent them from reforming. Free 
radical scavengers serve this purpose. Tha-e are many free radical scavengers used commercially as 
shortstops. These products suffer from one or more shortcomings. For sample, N,N-diethyl- 

15 hydroxylamine (DEHA) is effective, however, it is rdatively volatile and during steam stripping of 

unreacted monomers from anulsion polymers, not enough DEHA remains in the emulsion to completely 
stop the reactioa DEHA also contains diethylamine, which can form nitrosamines, which are 
undesirable because they have been found to be carcinog^c in laboratory animal studies and are 
regulated in some countries. DEHA can be conibined with a non-volatQe free radical scavrager like 

20 sodium dimethyldithiocarbamate (SDD) or sodium tetrasulfide (ST), however, these can create otho* 
problems. SDD can form nitrosamines, while ST can graerate toxic, corrosive hydrogen sulfide. 
Newer technologies, such as stable free radicals (SFRs), are available which are effective and avoid 
many of the above shortcomings. A good example of an SFR is 4-hydroxy-2,2,6,6- 
tetramethylpiperidinyloxy, commonly known as 4-hydroxy TEMPO. Although effective, this product is 

25 expensive. A need exists, therefore* for a rdativdy non-volatile, cost effective, non-nitrosandne- 
forming free-radical scavenger (shortshop) for radical polymerizations. 

In the production of unsaturated monomers, sudi as styrene, aoylic acid, butadiene, etc., 
there is a tendency for the monomers to polymerize. This results in undesirable fouling of equipment and 
30 yield losses. Free radical scavengers are added to such monomer streams during their purification to 
prevent such unwanted polymerization. Sevaal scavengers are used commercially, but all suffer from 
one or more drawbacks. For sample, dinitrophenol (DNP) derivatives are widely used as styrene 
stabilizers, however, th^ are very toxic and can be an explosion hazard under certain conditions. 
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Phenylenediamine (PD) derivatives are also widely used as stabilizers in styrene and otlier monomers, 
liowever, they require the presence of oxygen for optimum performance. Addition of oxygen to 
monoma- purification equipment can be liazardous and must be closely controlled. Newer chemistries, 
such as SFRs and N-nitroso-N-phenyl hydroxylamine, ammonium salt (Cupferron), are effective, but 
5 are expensive and. in the case of Cupferron, there are safety concerns (toxicity, suspected carcinogen). 
Accordingly, there is a need for a high boilmg, effective monomer stabilizo", which is compatible with a 
variety of monomers and rdativdy safe to handle and use. 



In one aspect, tiie invention relates to sterically-hindered alkyl hydroxylamines as free 
10 radical scavengers for shortstopping radical polymmzations and as inhibitors for preventing unwanted 
polymerization of unsaturated monomers during tiieir production. Preferred sterically-hindered alkyl 
hydroxylamines are defined by the formulas below. A particularly preferred compound is t-butyl 
hydroxylamine. Alternatively, related stable nitroxides may be used. 

15 In another aspect, the invaition is an improved process for carrying out free radical 

polymerization reactions in which a stmcally-hindered alkyl hydroxylamme is added as a shortstopping 
agent The invention also includes stabilization of monomers, especially styrene, to limit unwanted 
polymer formation during production or storage and transportation of such monomers, 

20 Shortstops And Inhibitors 

The invention includes using sterically-hindered alkyl hydroxylamines as free radical 
scavengers for shortstopping radical polymerizations and for stabilizing monomers during their 
production and purification. The preferred sterically-hindered alkyl hydroxylamines of the invention are 
described by tlie following Formulas. 
25 Formula I 

Rl 
I 

R2 C N 



OH 
R3 



2 



J 

! 
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whae: Ri, R2, R3. and R4 are indepeodeofly hydrogen, Ci-Cw alkyl, hydroxyalkyl, or 
amino alkyl, optionally substituted with a heterocyclic radical, providing that not more 
than one of Ri, R2 and R3 maybe hydrogen; and R4is hydrogen or Cj-Cio alkyl 

5 

Examples of Iqrdroxylamines according to Formula I include t-butyl hydroxylamine, 
2-hydraxylaroine-2-n)ethylbutane, and 2-hydroxylamine-3-metfayIbutane. 



10 



&camples of substituted hydroxylamines inchide the following. 



NHOH 

O N CH2 C 

\ / I 4-(2-hydroxylaminobutyl)-nioipholine 

CH2CH3 



/— O 



l,3-(N,N'-dimoipholino)-2-ettiyl-2-hydioxy]anunopropane 
NHOH 



CH3 NHOH CH3 

\ I / 

]^ C CH2 N 4-hydroxylamno-2,4,6-trimethyl-2,6-dia2aheptane 

CH, 1^ CH3 



3 
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Fonnula II 



Rll — N 

J OH 



R9 



where: Rs, Re, R?, Rs. R9. Rio, Ru and Rwarehydrogai or Ci-Cioalkyl and two or all 
of Cg, Ci) and are included in an aliphatic or a heterocyclic ring 

5 Exanqjles of hydroxylamines accordmg to Fornrala II include cycloaliphatic 

hydroxylamines, such as methylcyclohexyl hydroxylamine where the methyl and hydroxylamine 
substituents appear on the same carbon atom, and heterocyclic hydroxylamines such as the following: 

CH3 NHOH 



2-heptyl-5-hydroxylammo-5-niethyl-l,3 dioxane 
(CH2)6CH3 




^1 



The stQ-ically-hindo'ed hydroxylamines may form or be formed into stable nitroxides, for 
10 example, the nitroxide of t-butylhydroxylamine 



4 
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CH3 „ CH3 

\ I H 



CH3 C N CH3 — C N 

OH 

CH3 CH3 
hydroxylamine nitroxide 



It is bdieved that the nitroxides win be effective as free radical scavengers and, thus, 
will serve as shortstqpping agents and polymerization inhibitors. 

5 Use of the Shortstops and Inhibitors 

The sto-ically-hindered alkyl hydroxylamine is preferably added as a solution in an 
appropriate solvent For example, many free radical polymerizations are carried out in an emulsion 
process, whae it is desirable to introduce the shortstop as a rdativdy dUute aqueous solution. For 
stabilization of monomers, the solvent choice for diluting the radical scavenger will vary with the 
10 monomer. For example, ethylbenzene is a good choice for styroie, while water or another polar diluent 
may be prefored for acrylic acid or acrylate esters. In general, the diluted scavenger must be easily 
Introduced into the monoma purification system using existing feed equipment, and must readily 
dissolve in the monomer. 

15 Examples of polymerization systrais where the present invention is applicable include, 

but are not limited to, free radical polymerizations of 1,3-butadiaie, 2-chlorobutadiene-l,3 
(cWoroprene), vinyl chloride, tetrafluoroethylene, and vinylidraie fluoride, as well as co-polymerizations 
of styrene-butadiene and acrylonitrile-butadiene. The present invention is particularly useful in 
shortstopping the copolymaizations of styrrae-butadiene and acrylonitrile-butadiene. 

20 

Exanq)les of unsaturated monom^ systems y/berQ the pres^ inv^on is applicable 
include, but are not limited to, production and purification of styr«ie, 1 ,3-butadiene, acrylonitrile, 
acrylic acid, methyl methacrylate, vinyl chloride, vinyl acetate, n-butyl acrylate, methyl acrylate, 
tetrafluoroethylene, etc. The present invention is especially useful in preventing polymerization of 
25 styrene during its production and purification. 

5 
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In addition to the use of stoically-hindered hydroxylamines as free radical scavengers, 
it is believed that such hydroxylamines will also be useful as oxygen scavengers in boiler feed water 
treatment applications and the like. Further, combinations of the stoically-hindered hydroxylamines 
5 disclosed herein and known compounds such as TEMPO and dinitrpphenols, specifically dinitro-o-sec- 
butylphenol, are useful free^radical scavengers. 

Example 1 

The usefulness of the sterically-hindered hydroxylamine t-butyl hydroxylamine 
10 (TBH A) at preventing polymerization of styrene was demonstrated in a laboratory aging test The 

t-butyl catechol (TBC) inhibitor was removed from a sample of commercial styrene by passing through 
a TBC adsorption column. The uninhibited styrene was split into three portions. To one portion was 
added 500 parts per million (ppm) of active TBHA, TBHA was supplied as a 90.6 percent active solid 
To a second portion was added 500 ppm active dinitro-p-cres61 (DNPC). The third portion was used as 
15 a control (uninhibited). The TBHA and DNPC were dissolved by mixing, and then all of the samples 
were sparged with nitrogen and sealed under nitrogen in glass vials 

The vials were placed into a 120°C oven for three hours, removed and cooled at room 
temperature for thirty minutes. The oligomar/polymer solids in each saiiq>le wae measured by placing 
20 about one gram of sample into methanol and then evaporating the methanol and remaining styrene 
monomer in a vacuxmi oven at 70^C (about 16 hours). The following results were obtained. 



INHIBITOR . 


% OLIGOMER/POLYMER SOLIDS 


None 


24.1 


DNPC (500 ppm) 


1.2 


TBHA (500 ppm) 


1.0 



Both TBHA and DNPC are equally effective at preventing styrene polymerization. 
25 TBHA, however, is believed to be rdatively safe to handle and use, while DNPC presents safety 
hazards as previously described. 



6 
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Example! 

The efficacy of TBHA at preventing polymoization of acrylic acid was assessed in the 
laboratory. Comm^cial acrylic acid containing monomethylether hydroquinone (MEHQ) as an 

5 inhibitor was distilled. The inhfljitor-free distilled material was spUt into two portions. To one portion 
was added 500 ppm of active TBHA, while the otho- portion served as a control (uninhibitec^. The 
sanq)les wffe sealed mider air and placed into an 80°C ovea The samples were checked frequMtly and 
observed for physical changes indicative of polymerization (haziness, precipitate, solidification, etc.). 
The elapsed time at which polymerization was first noted was recorded for each sample and the results 

10 are reported below. 



INHIBITOR 


TIME BEFORE POLYMERIZATION (HOURS) 


None 


3 


TBHA (500 ppm) 


205 



The results show that TBHA is very effective at delaying the onset of polymerization of 

acrylic add. 

15 

While the present invMrtion has been desaibed with reference to one or more particular 
embodiments, those skilled in the art will recognize that many changes may be made thereto without 
departing from the spirit and scope of the present invention. Each of these embodiments and obvious 
variations thereof is contemplated as falling within the spirit and scope of the claimed invention, which 
20 is set forth in the following claims. 



7 
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WHAT IS CLAIMED IS: 

1. A free radical scavenger conp-ising a sterically-hindered alkyl hydroxylamine. 

2. The free radical scavmger of Claim 1 , wherdn said sterically-hindered 
5 hydroxylamine has the formula 

R2 c N 



10 



R3 



wtee Ri, Ra, R3 and R4 are indq)endently hydrogen, Ci-Cio alkyl, hydroxylalkyl, or 
amino alkyl, optionally substituted with a heta-ocydic radical providing that not more than one of 
Ri, R2 and R3 may be hydrogen. 

3. The free radical scavrager of Qaim 2 v^ein Ri, R2 and Ra are allgrl groups or 
hydroxyalkyl groups, and R4 is hydrogen. 



4, The free radical scavenger of Claim 1, wherein Ri , R2 and R3 are methyl and R4 is 

15 hydrogen. 

5. The free radical scavenger of Claim 2, wherdn R4 is hydrogen, Ri and R2 are 
methyl, and R3is ethyl. 

20 6. The free radical scavenger of Claim 2, wherdn Ra and R4 are hydrogen, R2 is 

methyl, and R3 is i-propyl. 



7. The free radical scavenger of Claim 2 having the formula 



8 
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NHOH 

9^ ^ ^ ^ 4-(2-hydroxylammobutyl)-morpholine 

CH2CH3 

8, The free radical scavenger of Claim 2 having the fCMmula 



o 



c- 

I 1 ,3-(N J^'-dimorpholino)-2-ethyi-2-hydroxylaminopropane 

NHOH 



9. The free radical scavenger of Claim 2 having the formula 

CH3 NHOH ^cH3 

C CH2 N 4-hy(froxylamino-2A6-trimetliyl-2,6-dia2aheptane 



10. The free radical scavenger of Claim 1 . wherein said sterically-hindered 
hydroxylamine has the formula 



9 
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Formula n 



R5 



.R6 



R7 — c 



a 



\ 



R12 



Rir 



Cb N 



/ 



OH 



R9 



where R5, Re, R?. Rg, R9, Rio, Rn and Rn are hydrogen or Ci-Cioalkyl and two or all of 



C^, Cj, and are included in an aliphatic or heterocyclic ring. 

1 1. The free radical scavmger of Claim 10, wherein said cycloaliphatic ring is 
methylcyclohexyL 

- 1 2. The free radical scavenger of Claim 1 0, wherein said hydroxylamine has the 

formula 



13. In a free radical polymerization reaction, the miprovement conpismg adding to 
the reacting miTcture a sterically-hindered alkyl hydroxylamine as a shortstopping agent 

14. The free radical polymerization reaction of Claim 13, wherdn said shortstopping 
agait is t-butyl hydroxylamine. 



15. As a free radical polymerization inhibitor, a starically-hindered hydroxylamine. 



CH3 NHOH 




2-heptyl-5-hydroxylamino-5-methyl- 1 ,3 dioxane 
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16. An inhibitor of Claim 15, whardn said sterically-hindered hydroxylamine is 
t-butyl hydroxylanime. 

5 17. In a process for making a monomer which polymo-izes by a free radical reaction, 

the improvemoit comprising adding a sterically-hindered hydroxylamine as a polymerization inhibitor. 

18. The process of Clahn 17, wherein said monomer is styrene. 

19. The process of Claim 17. wherein said sterically-hindered hydroxylamine is 
t-butyl hydroxylamine 

20. A method of inhibiting free radical polymerization of monomers during storage 
and transportation, conq)rising adding a sterically-hindered hydroxylamine to said monomer. 

21 . The method of Claim 20, wherein said monomer is styrene. 

22. The method of Claim 20, wherein said monomer is acrylic acid. 
20 23. Thefreeradicalscav^gerof Claim2intbefonnof anitroxide. 

24. The free radical scavenger of Claim 1 0 in the form of a nitroxide. 

25. In a process of operating a steam boiler, the improvement of adding a sterically- 
25 bindred hydroxylamine of any of Claims 1-16 as an oxygen scavenger. 
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